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2012.04.0Abstract The increasing threats to the natural resources of Ondo-State in the south-western Nige-
ria by human activities and likely impacts of climate change calls for an improved information sys-
tem that will give a better insight into the complex interaction between natural resources and
environmental dynamics for sustainable use. Poor analytical assessment and inadequate monitoring
capability of natural resources have been a big challenge resulting in degradation and constitute a
major risk to environmental security in the study area. There is therefore an urgent need to develop
new approaches for effective management of the ﬁnite resources in order to maintain a balance
between sustainability and rapid economic development. There have not been any foremost efforts
to embrace the geospatial-based data derived from remote sensing satellite and geographical infor-
mation systems (GIS) and global positioning system (GPS) into the policy formulation of the study
area. This study aims at providing a case study report on the management and conservation of nat-
ural resources in the study area by demonstrating the potentials of remote sensing data derived from
Nigeriasat-1 satellite, GPS integrated into GIS as the beginning of a technological quest towards
advancement in the monitoring of natural resources for long-term use. The result shows that the
geospatial data infrastructure-based management system can provide a robust decision support tool
in a holistic, cost-effective and time-saving manner that will enhance the administration of natural
resources database for economic development.
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021. Introduction
Natural resources are gift of nature used in the production of
goods and services; it includes land, vegetation, air, water,
wildlife and minerals. Apart from their fundamental impor-
tance in the economic development of many nations, natural
resources are of ecological signiﬁcance in protecting the envi-
ronment and adding aesthetic values to the natural settings
(Auty, 2007; Boyd and Banzhaf, 2007; Solow, 2009).
In recent times there have been a lot of threats to the nat-
ural resources of Ondo-State in the south-western part ofnces. Production and hosting by Elsevier B.V. All rights reserved.
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due to persistent population growth and increasing economic
development. These courses of action have been stressing the
natural resources capacity to the extent that it may no longer
be sustainable in the nearest future, highlighting the need for
a set of guiding principles that will integrate natural resources
management into policy formulation. However, assessing the
quantity and quality of natural resources have been a major
challenge because the traditional method of evaluation simply
relates natural resources’ response to a given perturbation,
which is no longer adequate as natural resources are function-
ally dynamic systems in the course of the interactions of its
biological, chemical, and physical components (De Groot
et al., 2002; Koﬁnas and Folke, 2009).
In Ondo-State, policy initiatives on natural resources eval-
uation vary in perceptions but there are worries regarding their
sustainability, irreplaceable quality and high level of degrada-
tion that negates the principles of economic, utilitarian, eco-
logical and aesthetic standards (Auster et al., 2009; Kumar
and Kumar, 2008; Sarr and Puettmann, 2008). Decision-mak-
ing strategies that can improve and maintain the values of soil,
water, wildlife and forest reserves simultaneously with ecosys-
tem’s structural stability for a long-term conservation have not
been formulated. Consequently, urgent steps have to be taken
with the view that natural resources are functional systems
whose ecological attributes used in the course of economic
development should be maintained in a way that will allow
the continuity of their inherent environmental quality, biolog-
ical productivity, plant and animal vigour (Nienhuis, 2009;
Palaniappan et al., 2009). In order to achieve these goals, it
is vital that accurate and timely decision-support systems are
developed to enhance optimal environmental practices.
Currently, there are many procedures used in the assessment
of natural resources; these include ﬁeld-surveys, sampling, rat-
ing, ranking and assigning of scores to categorize the status of
natural resources ecological unit based on environmental con-
ditions and anticipated improvements (Burger, 2008; Carpenter
et al., 2009; Gala et al., 2009; Nelson and Kennedy, 2009; Tao
et al., 2007; Magistro et al., 2007). Thus, they are classiﬁed
either as ‘sustainable’ or ‘vulnerable’ or ‘endangered’ resources.
The aforementioned procedures lack objectivity necessitating
compromise in thematic details. They are rudimentary cata-
loguing schemes that results in misclassiﬁcation of environmen-
tal performance indicators. Furthermore, they are expensive,
time consuming and labour intensive, at the same time pose dif-
ﬁculties in data integration and compatibility from different
sources and techniques (Asner, 2009; Magistro et al., 2007;
Nykvist and Nilsson, 2009; Tao et al., 2007).
The success of planning for a sustainable development of
natural resources depends on the quality and quantity of infor-
mation available. It is, therefore, essential to devise the ways
and means that will improve data quality and efﬁciently handle
large amount of data by using modern techniques to produce
up-to-date information. The potential means of getting better
information and database management in the study area is
to adopt geospatial technology.
Geospatial technology is a computer-based information
system that acquires, integrates, stores, manages, analyses,
interprets and displays output in two or three dimensions ref-
erenced to a particular location on the Earth’s surface by geo-
graphic coordinates system (De Smith et al., 2007; Elwood,
2008; Peachavanish and Karimi, 2007; Sietzen, 2004). Geospa-tial technology information systems include remote sensing
instruments mounted on different platforms (ground, air,
and space-borne), global positioning systems (GPS) and geo-
graphical information systems (GIS).
The use of geospatial technology for managing natural re-
sources has a special importance in the study area due to the
difﬁculties and remoteness of some hilly and swampy terrains
where ﬁeld data collection is often difﬁcult. Apart from the
fact that geospatial technology can play a key role in ﬁlling
the existing meagre data, a viable plan for sustainable natural
resources management in the remote areas may be impossible
without geospatial technology option. The terrain conditions
of the hilly and swampy terrain areas justify a shift from the
informal database development to a more structured and orga-
nized system that recognizes the signiﬁcance of these peculiar
terrain constraints.
Geospatial technology is one of the most important emerg-
ing and evolving technologies that can be used in the manage-
ment and conservation of natural resources in the study area
because they have the capabilities of providing information
for managing and monitoring of natural resources such as
water, land-use, soils and vegetation at both temporal and spa-
tial scales (Li et al., 2009). They offer a rapid, affordable and
powerful tool that has the ability to efﬁciently handle geospa-
tial datasets, create maps, provide interactive user-friendly
interfaces, transform spatial data according to users need,
administer datasets from desktop through local network to
global Internet facilities, visualize, analyse and interpret the
interaction of spatially distributed natural resources in a
timely, reliable, relational, and cost-effective way for valuable
solutions (Anderson and Moreno Sanchez, 2003; Descamps
et al., 2006; Dı´az et al., 2008).
In Nigeria, implementation of geospatial data infrastructure
as a decision support system for various natural resources and
environmental applications has not been well developed. Exist-
ing information are compiled on a national basis and were
mostly based on coarse spatial resolution satellite remote sens-
ing data plus small scale map covering very large areas but with
very little details. Smaller scale maps might be adequate for
general planning purposes where there is relatively little geo-
graphic diversity but for a country like Nigeria covering very
large areas of about 923,768 km2 the methodology requires a
more detailed map, because topographic environments differ
widely and are in disparity across the country therefore for this
type of study conducted in a section of Nigeria it is better to use
at least a medium spatial resolution satellite image and a larger
scale map. Most geospatial data collecting agencies have few
digital management systems for data capture and processing,
their locations are scattered in different parts of the country,
while available datasets are scanty and expensive, in addition
most datasets cannot be accessed by or shared among the users
due to low level of Internet technology.
Geospatial data infrastructures of remote sensing, global
positioning systems (GPS) integrated into geographical infor-
mation systems (GIS) can competently manage large amounts
of geospatial datasets having different formats by using com-
puterized information systems to reconcile compatibility is-
sues. For example, geospatial technology have got the
proven functionalities to assimilate various operational data
(spatial and non-spatial) sources and analysis systems into a
common format by overlaying and merging data from diverse
background into a single ﬁle format.
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and inventory in the study area is therefore necessary because
there is a need for information on:
 The status quo of natural resources.
 The spatial and temporal distribution of natural resources.
 The environmental conditions.
The study area is an agrarian society that produces cash
crops such as cocoa, oil palm and rubber also food crops like
yam, cocoyam cassava, maize and timber as the mainstay of its
economy. Equally important are abundant tourism and min-
eral resources like petroleum, bitumen, limestone and coal;
however, these are not in the scope of this study.
Managing natural resources in a sustainable way involves
identifying appropriate techniques for their quantitative evalu-
ations and to accomplish this task the potentials of Nigeriasat-
1, in combination with other geospatial technologies (GPS and
GIS) and ﬁeld-surveys were explored for development of nat-
ural resources database in the study area.
1.1. The Nigeriasat-1
Nigeriasat-1 launched in September 27, 2003. It is one of ﬁve
micro-satellites known as the Disaster Monitoring Constella-
tion (DMC). The DMC satellites are collaborative efforts of
ﬁve countries including Nigeria with a satellite known as Nige-
riasat-1 while other satellites are independently owned and
controlled by different countries (Algeria: Alsat-1, UK: UK-
DMC, Turkey: Bilsat-1 and China: Beijing-1). Nigeriasat-1 is
a nadir-viewing push-broom three-band multispectral scanner.
The three spectral bands of DMC satellites are band 1/NIR, 2/
red and 3/green similar to Landsat ETM+ 7 bands 2/green, 3/
red and 4/NIR (Stephens and Sweeting, 2004). Nigeriasat-1 is
available in digital format of 3 bands (near infrared, red,
green); this is an ideal source of data for GIS because it allows
a direct import into GIS database. The characteristics of high
temporal (daily), medium spatial resolution (32 m) and the
swath width of 600 km allows mapping of extensively large
area of Ondo-State in one scene without the need for mosaick-
ing and the geometric–radiometric properties and the biophys-
ical performance of Nigeriasat-1 have been investigated and it
is appropriate for this purpose (Ogunbadewa, 2008).
The results from this study will serve as a step forward in
the direction of the development of a resource database and
the feasibility of thematic applications in the areas of forestry
resources assessment, land-use inventories, agricultural devel-
opment and river basin management.2. Methodology
2.1. Remote sensing data
Nigeriasat-1 image acquired on the 23rd January, 2007 was ob-
tained from the National Space Research and Development
Agency (NASRDA) of Nigeria. The Nigeriasat-1 image cover-
ing Ondo-State was geometrically corrected to the UTM
WSG84 coordinate system by selecting 30 evenly distributed
targets with distinct boundary geometry as ground control
points (GCPs). These include; Akure airports, Adekunle AjasinUniversity, corners in the central business district (CBD) of
some city centres and road intersections were used as GCPs de-
rived from maps obtained from the Nigerian Federal Surveys
Department. The selected points were used to geometrically
correct Nigeriasat-1 image using a second order polynomial
in Erdas Imagine, image processing software. The image was
resampled to 32 m pixel using the nearest neighbour resampling
techniques and the root mean square errors (RMSE) were less
than 0.5 pixel making the geometric correction to meet the min-
imum mapping unit (MMU) required for this study. Topo-
graphic maps were digitized and Garmin GPS was used to
geo-reference and accurately locate natural resources including
roads and settlements.
2.2. Ground truth data
Field survey was conducted purposely for validation, as refer-
ence data and determination class types at speciﬁc locations.
Garmin GPS was used to register the coordinates of the actual
natural resources observed on the ground with information
obtained from topographic maps, printed Nigeriasat-1 satellite
imagery and personal interview with people residing in the
study area. The study area was divided into equal grids of
500 m by 500 m overlaid on the base map and 100 points were
marked for ground veriﬁcation, after which systematic random
sampling was performed for each of the sample units. How-
ever, it was not possible to collect data on all the points
(100) marked on the base map due to inaccessibility of the re-
mote swampy and hilly areas and problem of cloud cover on
some pixels of Nigeriasat-1, it was still feasible to get a sample
size that varies from 60 to 97 points.
2.3. Classiﬁcation accuracy assessment
After the veriﬁcation exercise classiﬁcations of land-use/cover
and determination of area extent of available natural resources
were performed using a hybrid classiﬁcation strategy. This is a
two-stage strategy that combines unsupervised and supervised
spectral classiﬁcation, utilizing operator derived classes based
on local knowledge as well as the ability to identify the unique
and often spectral classes that can be a central pointer to
detectable natural resources. An object-based classiﬁcation
method of ArcGIS tool was used. Unsupervised classiﬁcation
of the image was ﬁrst performed with separable classes. In this
type of study, which is regional in nature, object-based classi-
ﬁcation using ArcGIS tool will be the most suitable because
ArcGIS tool has the advantage of dynamism and ﬂexibility
for spatial, textural and spectral clustering of pixel signatures
that allow the user to make necessary adjustments for cluster
and missed features during classiﬁcation. Supervised classiﬁca-
tion was afterwards performed using training areas visited dur-
ing ﬁeldwork to further reﬁne the classiﬁcation of certain land
use types into more speciﬁc ones and to separate overlapping
classes. In this study training data sets were derived by digitiz-
ing polygons of clustered pixels representing each natural re-
sources data type. In order to avoid the problems of mixed
pixels and the possibility of mixed pixels belonging to multiple
classes, the digitized pixels were grouped with the dominant
class. The dominant class was used as the training data sets
for classiﬁcation using Feature Analyst in ArcGIS software.
The accuracy of the classiﬁcation was tested by generating
Figure 1 Geospatial database of Ondo-State, Nigeria.
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accuracy assessment indicators were also derived including
overall classiﬁcation accuracy, producer’s accuracy, user’s
accuracy and the overall Kappa agreement which are further
discussed in the data analysis section. The classes developed
are undisturbed forest, disturbed forest, mangrove forest, for-
est plantation, woodlands, tree crop plantation, intensively
cultivated lands, settlement, water-bodies and rock outcrop.
Derived features from topographic maps, Nigeriasat-1 and
GPS data were integrated into a GIS database in ArcGIS soft-
ware version 9.3 after performing all the pre-processing steps
such as input of raw digital data, image correction and regis-
tration centred on latitude 6300N longitude 4540E with
UTM WSG84 projection zone 31 covering the whole state,
land-use/cover classiﬁcation map derived, ﬁeld observations
and personal interview with the local populations.
3. Geospatial tool functionality
A geospatial database management system has advantage over
the conventional database systems because it is optimized to
store and query data that is related to objects’ location, includ-
ing geometrical features (points, lines and polygons), numeric
characteristics and attributes’ data types with relatively little
need for additional functionality. Geospatial database man-
agement system is a type of database in which the data can
be spread across several charts that are related and associated
together by shared attributes with hardly any assumptions
about how the data are related and can work with many data-
base management systems as well as programming languages.
With geospatial database management system, it is easy to up-
date and accumulate more data types in relation to objects and
locations making presentation, manipulation and extraction of
areas of interest from various layers that are well-organized.
3.1. Geospatial database development
The next level in the data processing chain is the integration of
all data types into a GIS. This requires a balance between the
morphological approach of remote sensing and the functional
approach of GIS data structure. It involves identifying an
appropriate link between physical properties derived from re-
motely sensed imagery to the object-oriented GIS. GIS data
structure was based on the administrative and topographic
maps of Ondo-State following ArcGIS librarian data model
while UTM coordinate system was used for building the data-
base. The database follows the boundary of the scale of the
administrative map sheet with a tile dimension of 300 by 300.Table 1 Data and metadata features.
Layer Description
Ground control points (GCP) Trigonome
Global positioning system (GPS) Precise geo
Boundaries Local and
Transportation Road netw
Settlements Towns, vill
Vegetation Cultivated,
Hydrology Water bod
Nigeriasat-1 Multispect3.2. Tiling and layers’ morphology
The essential components of spatial information infrastructure
were compiled for each data layer. The respective data layers
were entered into ArcGIS for database formatting, overlay
and analysis. A multisource geodatabase was developed
around the physical environment and remotely sensed data
for GIS as a geospatial technology tools (Table 1).
Speciﬁcally, it consists of both raster and vector layers,
including stacked three bands (1/NIR, 2/red and 3/green) of
NigeriaSat-1 multispectral satellite imagery, drainage and road
network plus settlement patterns (rural and urban). Altogether
the multisource data comprises of 4 layers including the ancil-
lary attributes data and the GPS reference data determined by
the regional orientation of the work and existing information
to create a geodatabase (Fig. 1).
The geodatabase is a multi-layer image with each image
pixel containing original measured remotely sensed data and
derived features, such as textural and reﬂectance information
that were incorporated and executed within ArcGIS software
package creating a derived land-use/cover maps as the output
with each pixel corresponding to an area of 32 m by 32 m of
the spatial resolution of NigeriaSat-1. The spatial visualization
capabilities of GIS technology interfaced with a relational
database provide an effective method for analysing and dis-
playing the results of natural resources assessment. The appli-
cation demonstrated in this study includes geospatial analysisType
try and precise levelling Point
-referencing Point
state boundaries Line
orks Line
ages, farmstead and camps Polygon
forest Polygon
ies Polygon/line
ral satellite imagery Polygon
Developing natural resources database with Nigeriasat-1 satellite data and geographical information systems 211of area extent and location of natural resources from the regio-
nal map created. The result of geospatial technology tool exe-
cution includes morphological processing, display of the
image, analysis and specifying the area of interest with bound-
ary ﬁle. Road networks, settlement patterns and administrative
boundary layers are not natural resources but were added to
the database to improve output visualization, image classiﬁca-
tion accuracy and robustness of geospatial technology tool.
This framework is designed and developed for integrating
raster, vector and ancillary data layers to function as a decision
support system in a stand-alone computer that can be con-
nected to other computer networks and essentially provides a
user-friendly interface to access, process and execute data
involving extracting, mapping and estimating land-use/cover
features for natural resources management and planning of
Ondo-State.
4. Data analysis and results
The distinction of different types of resources requires a com-
bination of several techniques to effectively identify the varie-
ties of land-use/cover. To achieve this aim an accuracy
assessment of hybrid classiﬁcation scheme was analysed. The
ﬁrst step is to generate the error matrix from reference data
and classiﬁed Nigeriasat-1 imagery. Table 2 shows the overall
classiﬁcation accuracy, producer’s accuracy; user’s accuracy
and the overall Kappa agreement that were obtained (Table 2).
The producer’s accuracy varies from 57.7% to 94.83%
mangrove forest (MF) having the lowest value while water-
bodies (WB) have the highest accuracy. Correctly classiﬁed
classes ranged from 50.68% to 84.47%, intensively cultivated
land (ICL) and woodlands (WD) having the lowest and highest
respectively. The user’s accuracy for intensively cultivated land
(ICL) was the highest with the value of 96.6% followed by
water-bodies (WB) with the value of 91.22% while crop plan-Table 2 The error matrix of land cover classiﬁcation from referenc
mangrove forest; DF, disturbed forest; RO, rock outcrop; UF, und
plantation; WD, woodlands; WB, water-bodies).
Classiﬁcation from reference data
ICL (%) MF (%) DF (%) RO (%)
Classiﬁcation from Nigeriasat-1
ICL (%) 84.47 0.56 0.50 1.90
MF (%) 1.22 55.30 5.53 4.34
DF (%) 8.47 1.97 66.38 9.64
RO (%) 4.76 3.70 1.82 62.18
UF (%) 9.57 9.18 4.73 2.00
ST (%) 6.07 1.40 2.50 10.50
FP (%) 3.70 0.14 0.30 4.10
CP (%) 0.70 21.40 5.21 1.44
WD (%) 2.38 1.40 0.11 8.40
WB (%) 0.35 0.76 0.93 1.42
Total 121.69 95.81 88.01 105.92
Producer’s accuracy (%) 69.41 57.7 75.42 58.7
Correctly classiﬁed (%) 84.47 55.3 66.38 62.2
User’s accuracy (%) 96.6 65.93 75.24 66.04
Classiﬁed totals (%) 87.47 83.88 88.22 94.16
Overall accuracy
84:47þ 52:30þ 66:38þ 62:18þ 52:22þ 62:0
87:47þ 83:88þ 88:22þ 94:16þ 87:14þ 88
Overall Kappa coeﬃcient = 0.70tation (CP) has the lowest value (59.71). The classiﬁed total
ranged from 83.88% to 94.16% corresponding to the values
for rock outcrop (RO) and mangrove forest (MF). The overall
accuracy was 73.55% while the kappa coefﬁcient was 0.71.
From the above, the high value of overall accuracy
(73.55%), kappa coefﬁcient was 0.71 which is a good agree-
ment between the reference data and classiﬁed Nigeriasat-1
imagery plus the mean values of producer’s accuracy
(75.17%), correctly classiﬁed (64.41%), user’s accuracy
(73.90%) and classiﬁed totals (87.16%) indicate that Nigeria-
sat-1 data can be used to quantify the extent of natural re-
sources through land cover/use classiﬁcation.
Therefore, classiﬁcation into spectral categories starts by vi-
sual interpretation of spectral properties detectable by satellite
data, such as tone, colour, shape, size, shadow, pattern, tex-
ture, and association. The land-use/cover classiﬁcation using
Nigeriasat-1 multispectral data in combination with GIS was
based on Level 2 of US Geological survey land use/cover clas-
siﬁcation for remote sensing data resulting in ten categories.
These categories are undisturbed forest, disturbed forest, man-
grove forest, forest plantation, woodlands, tree crop planta-
tion, intensively cultivated lands, settlement, water-bodies
and rock outcrop (Fig. 2).
The output of spatial extent of the natural resources was
estimated by calculating the percentages of each class in the
ten categories of the land use/cover. Quantitative estimation
shows that intensively cultivated land with annual crops has
the highest area coverage with value of 74.78%, mangrove for-
est has 8.41%, disturbed forest 7.42%, rock outcrop 2.76%,
undisturbed forest 2.11%, settlement 2.07%, forest plantation
0.86%, tree crop plantation 0.68%, woodlands 0.58% and
water bodies has the lowest value of 0.34% (Fig. 3).
Intensively cultivated lands with annual crops have the
highest percentage of the area coverage of 74.78%. Intensively
cultivated lands are being poorly managed and considered toe and Nigeriasat-1 data (ICL, intensively cultivated lands; MF,
isturbed forest; ST, settlement; FP, forest plantation; CP, crop
UF (%) ST (%) FP (%) CP (%) WD (%) WB (%)
0.14 0.14 0.06 0.04 0.04 0.02
0.57 2.44 4.43 5.18 4.14 0.73
0.49 0.49 0.02 0.61 0.15 0.60
2.17 2.42 7.76 6.42 3.20 0.15
52.22 1.90 2.20 2.14 1.58 0.20
1.41 62.07 1.75 1.33 1.44 0.40
0.80 0.92 72.87 0.66 0.41 0.01
0.45 1.60 1.40 50.68 1.70 0.30
1.42 1.37 4.70 5.70 57.58 1.97
1.40 0.02 0.97 1.38 0.50 80.35
61.07 73.37 96.16 74.14 70.74 84.73
85.51 84.6 75.78 68.36 81.4 94.83
52.22 62.07 72.87 50.68 57.58 80.35
59.93 69.84 86.84 59.71 67.72 91.22
87.14 88.87 83.91 84.88 85.03 88.08
7þ 72:87þ 50:68þ 57:58þ 80:35
:87þ 83:91þ 84:88þ 85:0388:08 ¼
641:10
871:64
 100 ¼ 73:55%
Figure 2 Derived natural resources map of Ondo-State, Nigeria.
Figure 3 Land use/cover classes of Ondo-State, Nigeria.
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most of the food crops such as cassava, maize, and yam aregrown, land degradation is maximum, farming types are
unsustainable without the application of fertilizers.
Forest cover occupies a total area of 18.8% of the land-use/
cover classes including undisturbed forest reserve and forest
plantation with exotic trees comprising of Iroko (Chloraphora
excelsa), Mahogany (Khaya), Afara (Terminalia), Ofun (Man-
zonia allissima) and Obeche (Triplochiton). The forested areas
were characterized by extractive uses and high rate of defores-
tation through activities such as lumbering, wood fuel collec-
tion, crop production and urban/rural settlement
encroachments. Though, the undisturbed and mangrove for-
ests were relatively reserved because the area is inaccessible
due to poor road networks and the difﬁculty of hilly and
swampy terrains. Furthermore, forest serves as wildlife sanctu-
aries and natural parks. However, loss of wildlife habitat,
hunting of wild animals is a notable existing impact on the ani-
mal communities of the area. Common species of mammals,
reptiles and birds have generally disappeared from the land-
scape even in the undisturbed forest zones where the remaining
small to medium-sized mammals are threatened. Woodlands
biodiversity (0.58%) had been negatively impacted through
substantial conversion of the original lands to cropland unsus-
tainably leaving behind a few islands of natural vegetation also
erosion menace and loss of soil fertility have been reported.
Settlements have about 2.07% coverage. It comprises of ur-
ban and rural built-up areas that have several issues such as
ﬂood, air pollution, and indirect impacts of climate change
Developing natural resources database with Nigeriasat-1 satellite data and geographical information systems 213resulting from high level of deforestation, urbanization, min-
ing and industrial operations which are energy intensive caus-
ing carbon emissions demanding solution.
Water bodies including streams, rivers and lakes that occu-
py the lowest percentage of 0.34% have been experiencing sed-
imentation, pollution from pesticides and increased
concentrations of fertilizers while blasting of rock outcrop
for construction purposes is a source of worries.
5. Conclusions and future work
The valuable capabilities of geospatial technology in the con-
text of development database and inventory of natural re-
sources for sustainable management through land-use/cover
classiﬁcation were demonstrated. The use of geospatial tech-
nology made the integration of diverse spatial data into a com-
prehensive database possible. Based on the results pertaining
to the different land-use/cover classiﬁcations, it is possible to
target lands for sustainable development. Despite lack of ade-
quate observed data at ﬁeld scales, geospatial technology can
be effectively used to simulate alternative natural resources
management and conservation plans that could be visualized
under a variety of scenarios. Thus, Ondo-State will greatly
beneﬁt by using geospatial tool in decision making and plan-
ning exercise in view of obtaining optimum results from policy
initiatives on natural resources programme by including areas
that deserve attention. It is important to realize that adoption
of geospatial technology and use will lead to subsequent
understanding and familiarity with the tool.
Furthermore, Ondo-State will have a scientiﬁc basis for jus-
tifying the long-term beneﬁts of sustainable management of
natural resources that will eventually lead to the implementa-
tion of a variety of related projects. In addition to facilitating
mapping, the geospatial technology has immense potential in
the compliance and regulatory role of detecting land encroach-
ments, illegal lumbering and hunting. Moreover, geospatial
technology can also be used to address non-compliance issues
related natural disaster management such as ﬁre out break,
ﬂood, drought and erosion menace.
The results of an outline regional land-use/cover resource
map showing the spatial distribution of resources using Nige-
riasat-1 data in combination with GIS proved satisfactory with
map accuracy assessment and therefore it is an appropriate
data source for natural resources development and decisions
support system. The more accurately identiﬁed ten categories
may be used as an initial framework for resource geodatabase
development; however, these classes will still require routine
procedures of updating and automation in future. The frame-
work could also serve as a building block for inclusion of addi-
tional tools (computer networking and connection to Internet
facilities) geared towards better data input (hydrology, topog-
raphy, soils, physiography, climate, mineral, and socio-eco-
nomic) and output that can be readily incorporated to
support decision-making in the direction of ensuring the best
use of the ﬁnite natural resources.
In spite of these successes, the development of these infor-
mation systems has encountered several major practical and
technical difﬁculties. Information about spectrally heteroge-
neous classes is limited and it is observed that the inability
of Nigeriasat-1 to correctly identify linear futures like rivers,
roads and infrastructure was due to medium spatial resolutionof 32 m. Also difﬁculties of discriminating between settlements
and bare hilly land were due to spectral similarity resulting
from the limited spectral range of the sensor.
The future priorities for this type of study should revolve
around the augmentation of database and further development
of spatial analytic applications. These will include utilizing
some available technologies in which their capabilities are still
unknown in this part of the world such as Light Detection And
Ranging (LiDAR) that provides information about object in
three dimensions (3D) and developing a Web-based geospatial
decision support system that will be integrated with both Intra-
net and Internet in achieving a wide data sharing and accessing
vision to aid in the decision-making processes on natural re-
sources. More importantly, obtaining a variety of multi-resolu-
tion remote sensing data with high spatial and spectral
resolution from commercial satellite sensors, aerial photo-
graphs of large scale format, digital maps to allow for differen-
tial mapping at different scales that is local, regional and
national levels leading to efﬁcient and effective planning man-
agement and implementation.Acknowledgements
The National Space Research and Development Agency
(NASRDA) of Nigeria is acknowledged for providing the
Nigeriasat-1 satellite data; Dr. S.O. Mohammed, Dr. G. Ag-
baje and Dr. H.A. Shaba, kindly assisted in identifying suitable
images and provided useful technical information.References
Anderson, G., Moreno Sanchez, R., 2003. Building web based spatial
information solutions around open speciﬁcations and open source
software. Transactions in GIS 7 (4), 447–466.
Asner, G.P., 2009. Tropical forest carbon assessment: integrating
satellite and airborne mapping approaches. Environmental
Research Letters 4, 034009.
Auster, P.J., Fujita, R., Kellert, S.R., Avise, J., Campagna, C., Cuker,
B., et al., 2009. Developing an Ocean ethic: science, utility,
aesthetics, self interest, and different ways of knowing. Conserva-
tion Biology 23 (1), 233–235.
Auty, R.M., 2007. Natural resources, capital accumulation and the
resource curse. Ecological Economics 61 (4), 627–634.
Boyd, J., Banzhaf, S., 2007. What are ecosystem services? The need
for standardized environmental accounting units. Ecological Eco-
nomics 63 (2–3), 616–626.
Burger, J., 2008. Environmental management: integrating ecological
evaluation, remediation, restoration, natural resource damage
assessment and long-term stewardship on contaminated lands.
Science of the Total Environment 400 (1–3), 6–19.
Carpenter, S.R., Mooney, H.A., Agard, J., Capistrano, D., DeFries,
R.S., Dı´az, S., et al., 2009. Science for managing ecosystem
services: beyond the Millennium Ecosystem Assessment. Proceed-
ings of the National Academy of Sciences of the United States of
America 106 (5), 1305.
De Groot, R.S., Wilson, M.A., Boumans, R.M.J., 2002. A typology
for the classiﬁcation, description and valuation of ecosystem
functions, goods and services. Ecological Economics 41 (3), 393–
408.
De Smith, M.J., Goodchild, M.F., Longley, P., 2007. Geospatial
Analysis: A Comprehensive Guide to Principles, Techniques and
Software Tools. Troubador Publishing.
214 E.Y. OgunbadewaDescamps, G., Therrien, P., Therrien, R., 2006. An interactive and
open approach for the analysis and diffusion of geoscientiﬁc data.
Computers & Geosciences 32 (5), 643–655.
Dı´az, L., Granell, C., Gould, M., 2008. Case study: geospatial
processing services for web based hydrological applications.
Geospatial Services and Applications for the Internet, 31–47.
Elwood, S., 2008. Geographic Information Science: new geovisualiza-
tion technologies–emerging questions and linkages with GIScience
research. Progress in Human Geography (33), 256–263.
Gala, W., Lipton, J., Cernera, P., Ginn, T., Haddad, R., Henning, M.,
et al., 2009. Ecological risk assessment and natural resource
damage assessment: synthesis of assessment procedures. Integrated
Environmental Assessment and Management 5 (4), 515–522.
Koﬁnas, G.P., Folke, C., 2009. Principles of Ecosystem Stewardship:
Resilience-based Natural Resource Management in a Changing
World. Springer-Verlag.
Kumar, M., Kumar, P., 2008. Valuation of the ecosystem services: a
psycho-cultural perspective. Ecological Economics 64 (4), 808–819.
Li, D., Shan, J., Gong, J., 2009. Geospatial Technology for Earth
Observation Data. Springer-Verlag, New York.
Magistro, J., Bassole´, A., Weight, E., 2007. The application of GIS as
an assessment and planning tool for smallholder irrigation market
development: a case study from the West African Sahel. Informa-
tion Development 23 (2–3), 137.
Nelson, J.P., Kennedy, P.E., 2009. The use (and abuse) of meta-analysis
in environmental and natural resource economics: an assessment.
Environmental and Resource Economics 42 (3), 345–377.
Nienhuis, P.H., 2009. The natural environment. Principles of Envi-
ronmental Sciences, 143–176.
Nykvist, B., Nilsson, M., 2009. Are impact assessment procedures
actually promoting sustainable development? Institutional perspec-tives on barriers and opportunities found in the Swedish committee
system. Environmental Impact Assessment Review 29 (1), 15–24.
Ogunbadewa, E.Y., 2008. The characteristics of Nigeriasat-1 and its
potential applications for environmental monitoring. African Skies
12, 64.
Palaniappan, S.P., Chandrasekaran, A., Kang, D.S., Singh, K.,
Rajput, R.P., Kauraw, D.L., et al., 2009. Sustainable management
of natural resources for food security and environmental quality:
case studies from India – a review. Climate Change, Intercropping,
Pest Control and Beneﬁcial Microorganisms, 339–372.
Peachavanish, R., Karimi, H.A., 2007. Ontological engineering for
interpreting geospatial queries. Transactions in GIS 11 (1), 115–
130.
Sarr, D.A., Puettmann, K.J., 2008. Forest management, restoration,
and designer ecosystems: integrating strategies for a crowded
planet. Ecoscience 15 (1), 17–26.
Sietzen, F., 2004. High-growth jobs initiative. Geospatial Solutions 14
(6), 20–22.
Solow, R.M., 2009. The economics of resources or the resources of
economics. Journal of Natural Resources Policy Research 1 (1),
69–82.
Stephens, J.P., Sweeting, M., 2004. IAA.4.B.5. developing a commer-
cial interface for DMC data. International Astronautical Federa-
tion - 55th International Astronautical Congress 2004 (2),
1064–1069.
Tao, T., Tan, Z., He, X., 2007. Integrating environment into land-use
planning through strategic environmental assessment in China:
towards legal frameworks and operational procedures. Environ-
mental Impact Assessment Review 27 (3), 243–265.
